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Acute effects of tetracycline on Lemna minor and Daphnia pulex 
 
by Rico Pelaez 
 
(Biology 1152) 
 
 
 
bstract. The presence of pharmaceuticals in aquatic environments has raised concern 
among researchers around the world. Many of the pharmaceuticals found in these aquatic 
environments have been shown to have adverse effects on organisms living in these habitats. 
Acute toxicity of the antibiotic tetracycline was tested on two aquatic organisms common to these 
habitats. The duckweed Lemna minor was exposed to a concentration of 25mg/L, and the Water 
flea Daphnia pulex was studied at a concentration of 50mg/L. Results showed tetracycline to have 
toxic effects on growth in Lemna, as well as toxic effects on offspring production in Daphnia. 
Promotion of ABA synthesis in Lemna by tetracycline could be an indicator of growth inhibition. 
Tetracycline showed adverse effects on Daphnia offspring production in the parent generation. 
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INTRODUCTION 
Researchers in several countries around the world have carried out investigations on the 
occurrence of pharmaceuticals in aquatic environments (Heberer 2002). Many of these 
pharmaceuticals have been detected at concentration levels ranging from nanograms per liter (ng/L) 
to micrograms per liter (g/L) in aquatic environments (Heberer 2002). Possible sources for the 
presence of pharmaceuticals in aquatic environments include inappropriate disposal from households 
or hospitals, agricultural and veterinary use, landfill leachates, and manufacturing residues. 
Additionally, pharmaceuticals may be excreted in biologically active forms by humans and animals 
into the environment as well as effluents from sewage treatment plants showing evidence that many 
of these pharmaceutical substances are not completely eliminated during waste water treatments 
(Heberer 2002). 
Two organisms that are typically found in freshwater habitats are Lemna minor and Daphnia 
pulex. Lemna minor, or duckweed, is a floating, freshwater plant species generally ranging from one 
to three fronds per plant. This plant is rich in protein and fats making it an important food resource 
for many fish and birds (Halder and Venu 2012). Daphnia pulex, or water flea, is a crustacean 
common to a wide range of aquatic environments. D. pulex is prey for a variety of both vertebrate 
and invertebrate predators (Tautz 2011). 
These two non-target organisms have become affected by the presence of pharmaceuticals in 
their natural habitats. Presence of antibiotics such as tetracycline, which are commonly used as a first 
line of therapy for Rocky Mountain spotted fever, Lyme disease, or chlamydia, have been detected in 
the environment (Monteiro and Boxall 2010). Tetracycline functions as an inhibitor for bacterial 
protein synthesis when administered to target organisms. It also promotes abscisic acid (ABA) 
synthesis, a plant hormone involved in bud and seed dormancy, growth regulation, leaf senescence, 
stomatal opening, and a variety of plant stress responses (Fedoroff 2002). Investigations have shown 
tetracycline to have toxic effects on the growth of Lemna minor (Pomati et al. 2004) as well as toxic 
effects in the offspring production of D. pulex (Wollenberger et al. 2000). 
The objective of this lab-based experiment was to evaluate the effects of exposing different 
tetracycline concentrations to both organisms. We anticipated that if L. minor was placed in a 
solution with a concentration of 25mg/L it would inhibit frond growth, possibly due to tetracycline 
promoting the release of ABA, resulting in lower growth rates when compared to the control group. 
A 
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When testing tetracycline on D. pulex, we placed Daphnia in a solution with a concentration 
of 50mg/L and anticipated it would have adverse effects on offspring production in the parent 
generation that was directly exposed, resulting in a decrease of offspring production when compared 
to the control group. 
 
MATERIALS AND METHODS 
Part A: Lemna minor experiment 
Lemna minor was the study organism for this portion of the experiment. A total of ten test 
tubes measuring 14.75cm x 2.5cm were filled with 50ml of experimental solution. The chemical 
used for the treatment was tetracycline, an antibiotic manufactured in powdered form, and added to 
spring water to yield a concentration of 25mg/L. A total of three such replicates were prepared for 
the treatment group, and seven replicates with plain spring water used as the control. Three green-
colored individuals having two fronds each with similar size were placed inside each of all ten tubes 
making a total of six fronds per tube. The use of an environmental chamber provided light at 8000 
lumens/m2 with a photoperiod of 16 hours of light and 8 hours of dark in a 24 hour cycle. Test tubes 
were kept at a temperature of 25 °C during the light periods, and 22 °C during the dark periods. L. 
minor was exposed to the experimental solutions for a duration of one week. The number of L. 
minor per tube for each treatment was compared at the end of the one week period. The control tubes 
were used as a reference to evaluate the effects of the tetracycline on L. minor. 
The mean number of live L. minor fronds was calculated across replicates in each 
experimental group and reported as mean ± 1 S.E.. A student’s t-test was used to compare the mean 
number of live L. minor fronds grown after one week of exposure to tetracycline to those of the 
control group grown in plain spring water. Relative sizes and coloration of fronds were also 
compared among experimental groups. Significance was determined at α = 0.05. 
 
Part B: Daphnia pulex experiment 
Daphnia pulex was the study organism for this portion of the experiment. A total of seven 
beakers measuring 12.3cm x 9.5cm were filled with 500ml of experimental solution. The treatment 
solution was prepared similar to that of L. minor experiment but at a concentration of 50mg/L. Three 
replicates filled with 50mg/L used as the test group. and four replicates with plain spring water used 
as control. A total of 35 mobile adult individuals of similar size were divided into seven groups and 
each group of 5 adults was placed inside each beaker. The beakers were exposed to filtered, natural 
light with a photoperiod of 16 hours of light and 8 hours of dark in a 24 hour cycle. Test beakers 
were kept at an average room temperature of 22 degrees Celsius. D. pulex was exposed to the test 
chemicals for a duration of one week. The number of adults and larvae per beaker for each treatment 
was compared at the end of the one week test period. The control beakers were used as a reference to 
evaluate the effects of tetracycline on D. pulex. 
The mean number of D. pulex present was calculated across replicates in each experimental 
group. A Welch’s t-test was used to compare the mean number of D. pulex present after one week of 
exposure to tetracycline to those of the control group in plain spring water. Significance was 
determined at α = 0.05. 
 
RESULTS 
There was a significant difference (t = 4.568, df = 8, P < 0.05) between the mean number of 
live Lemna fronds (6.67 ± 0.33; range = 6-7 live fronds) in the test group, as compared to the mean 
number of live Lemna fronds (13.57 ± 0.95; range = 11-18 live fronds) in the control group. We also 
observed that within the treatment group most fronds were discolored, where some were yellow, 
indicative of being unhealthy and possibly dying. White and brown fronds were considered dead. 
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There were no surviving Daphnia in the treatment group (mean = 0 ± 0; range = 0-0 
individuals) but no significant difference (t = 0.472, df = 3, P > 0.05) could be ascertained 
between this mean and that of the control group Daphnia (mean = 7 ± 3.85; range = 0-17 
individuals). 
 
DISCUSSION 
The results of the Lemna experiment supported the hypothesis predicting an inhibition of 
frond growth and demonstrated the significant effect of tetracycline exposure to Lemna in the 
environment. The discoloration observed in fronds and the negative effects on growth could be 
explained by reports showing tetracycline to induce chlorosis on plants (Brain et al. 2007).  
Chlorosis, or lack of chlorophyll may have contributed on inhibited growth of L. minor grown in the 
tetracycline solution (Brain et al. 2004). Tetracycline also promotes the release of Abscisic acid 
(ABA) which is a plant hormone that is involved in a variety of plant stress responses, inhibition of 
plant growth being one of them (Pomati et al. 2004). Hence, this would explain the significant 
difference between the tetracycline and control groups. 
The Daphnia experiment results showed no significant difference in the means of the 
treatment and control groups. This lack of significance may be attributed to the large variance among 
the samples in the control group and no variance among the samples in the treatment group. We 
observed several juvenile individuals in the control group, this may be due to some of the initial 
parent individuals carrying eggs. This would explain the large variance among the samples in the 
control group. 
 
 
  
 
LITERATURE CITED 
 
Brain, R.A., Johnson, D.J., Richards, S.M., Sanderson, H., Sibley, P.K. and Solomon, K.R. 2004. 
Effects of 25 pharmaceutical compounds to Lemna gibba using a seven-day static-renewal 
test. Environmental toxicology and chemistry 23:371-382. 
Brain, R.A., M.L. Hanson, K.R. Solomon and B.W. Brooks. 2007. Aquatic plants exposed to 
pharmaceuticals: effects and risks. Review of Environmental Contamination and 
Toxicology 192: 67-115. 
Fedoroff, N.V. 2002. Cross-talk in abscisic acid signaling. Science Signaling 2002: re10. 
Halder, S., and Venu P. 2012. The taxonomy and report of flowering in Lemna L. (Lemnaceae) in 
India. Current Science 102:1629-1632. 
Heberer, T. 2002. Occurrence, fate, and removal of pharmaceutical residues in the aquatic 
environment: a review of recent research data. Toxicology Letters 131:5-17 
Monteiro, S.C., and A.B.A. Boxall. 2010. Occurrence and fate of human pharmaceuticals in the 
environment. Reviews of Environmental Contamination and Toxicology 202: 54-154. 
Pomati, F., A.G. Netting, D. Calamari, and B.A. Neilan. 2004. Effects of erythromycin, 
tetracycline, and ibuprofen on the growth of Synechocistis sp. and Lemna minor. 
Aquatic Toxicology 67:387-396. 
Tautz, D. 2011. Not just another genome. BMC Biology 9:8-10. 
Wollenberger, L., B. Halling-Sorensen, and K.O. Kusk. 2000. Acute and chronic toxicity of 
veterinary antibiotics to Daphnia magma. Chemosphere 40:723-730. 
3
Pelaez: Acute effects of tetracycline
Published by DigitalCommons@COD, 2016
